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BACKGROUND 



10 



The present invention relates to a detection system and method for measuring 
fluorescently labeled analytes by their interactions with particles encoded with fluorescent 
labels, and further relates to fluorescent label compositions for coding polymeric microbeads 
or particles. 



^ analytes especially when combined with flow cytometry systems and methods. The term 
polymeric beads is referred to in the art and used hereinafter interchangeably as beads, 
particles, microbeads, microparticles, and microspheres. Analytes of interest are often bound 
f " to a particle and identified by a corresponding characteristic of the particle such as size, 
H20 magnetism, and spectroscopic properties including absorbance, light scatter, color, and 
Q fluorescence at one or more wavelengths. 

For example, prior art patents describe the use of particle size or color as parameters 
for distinguishing between subpopulations of particles. A disadvantage of employing size or 
color as a distinguishing markers is that these systems permit the labeling of only a few 
25 distinct subpopulations of particles. Employing additives of differing absorbance to mark 
different particle subpopulations has also been described. A disadvantage of absorbance 
markers is that absorbance in a particle is difficult to measure and is not a particularly 
sensitive method of detection. 



30 analytical systems including fluorescence microscopes, flow cytometers and image 

microscopes for analyte identification. Fluorescent labels are desirable markers for coding 
particles and have been described in a variety of different approaches including employing 
single and multiple fluorescers as labels. The use of fluorescent labels as markers in flow 




Polymeric beads are useful analytical tools for detecting and measuring various 



Fluorescence characteristics of particles or cells has been described in a variety of 
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cytometry systems is described, for example, in U.S. Patent Nos.: 4,745,285; 5,028,545; 
5,682,038; and 5,880,474, all of which are incorporated herein by reference. However, there 
are several distinct disadvantages to prior systems. 

As with particle size, the use of a single fluorescent marker by itself enables labeling 
of only a few distinct subpopulations of particles. Prior systems employing multiple 
fluorescent labels can be disadvantaged when separate space is not reserved for the emission 
spectra for the analyte of interest. Overlapping emission spectra between an analyte and a 
fluorochrome can hinder detection and quantification of the analyte in these systems. 

Many naturally occurring samples and materials for instrument construction contain 
materials, which fluoresce in the UV or the short-wavelength end of the visible spectrum. 
These extraneous sources of fluorescence interfere with particle detection and with accurate 
detection and quantification of analytes by fluorescent labeling. 

When multiple fluorescent labels are used, the multiple fluorescent emission spectra 
may be indistinct due to dye to dye interactions, overlapping spectra, and non-Gaussian 
emission profiles. Indistinct emission spectra make accurate identification and quantification 
between multiple subpopulations of particles difficult. Interaction between multiple 
fluorescent labels limits the number of distinguishable particle species and interaction 
between the fluorescent labels and fluorescent analytical dyes limits the quantitative detection 
capabilities of the device. Complex signal processing devices must be employed to 
compensate for the indistinct spectra, adding to the cost of the detection system. 

Prior analytical detection systems employing particle technology suffer from one or 
more of the following disadvantages: 1) limited accuracy; 2) limited sensitivity; 3) inadequate 
numbers of labels for the multitude of analytes to be detected; 4) expensive equipment; and 5) 
time consuming multiple reaction steps. A need, therefore, exists for an analytical detection 
system employing particle technology that can distinguish between multiple subpopulations 
of particles in a cost and time efficient manner while simultaneously accurately identifying 
and quantifying multiple analytes. 

SUMMARY 

The present invention is for an analyte detection system that satisfies this need. The 
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system employs particles having a fluorescent analyte detection dye and a combination of 
fluorescent particle labels. The fluorescent particle labels are excited by light at the same 
excitation wavelength and the fluorescent analyte detection dye is excited by light at a 
different excitation wavelength. One of the excitation wavelengths is in the near infrared 
5 region (NIR). The emission spectra of the fluorescent labels have a maximum wavelength 
and the maximum wavelengths are distinguishable such that a combination of relative 
amounts of fluorescent labels used for a particular set of particles can be used to differentiate 
that set of particles from another set of particles with a different combination of relative 
amounts of fluorescent particle labels. Each particle can also have a second analyte detection 
10 dye, excited by light at the same or a different wavelength as the first analyte detection dye on 
the particle. 

When multiple populations of particles are used, individual sets of particles can have 
-3 different fluorescent analyte detection dyes. The different fluorescent analyte detection dyes 
Q also have distinguishable emission spectra and can be excited by the same or a different 
Cil5 exciting light. The particles can be differently sized and the size of the particles can be used 
* u as a factor to differentiate between multiple populations of particles. 

j** The particles in this analyte detection system can have an analyte specific receptor that 

forms a complex with the analyte. The receptor-analyte complex can contain the fluorescent 
% analyte detection dye, detectable by the system. The analyte detection system can alternately 
M 20 have a second receptor, which forms a dual receptor-analyte complex on the particle. This 
complex also contains the fluorescent analyte detection dye, detectable by the system. 

In a method according to the present invention, a population of particles, as described 
above, is moved through an examination zone, such as in a flow cytometer. An exciting light 
of a first wavelength is directed at each particle in the examination zone. An exciting light of 
25 a second wavelength is also directed at each particle in the examination zone. The emitted 
lights of the fluorescent analyte detection dye(s) and fluorescent labels are detected and the 
detected emitted light is correlated to the particle under analysis. 

When multiple subpopulations of particles are employed in the invention, the 
fluorescent analyte detection dyes can be excited either by the same excitation laser system, or 
30 by different excitation lasers. When different excitation lasers are utilized in this system, an 
exciting light of a third excitation wavelength is also directed at each particle in the 
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examination zone and the emitting light corresponding to this fluorescent analyte detection 
dye is also detected and correlated with the particle under analysis. 

When the populations of particles are differently sized and the size of the particles is 
used as another factor to differentiate between multiple populations of particles, one of the 
exciting lights generates a scattered light, which is detected and correlated with the particle 
under analysis as well as the detected emitted light. 

The fluorescent labels employed in the invention can be cyanine dyes that have 
maximum emitting wavelengths in the NIR of the spectrum. The cyanine dyes used in the 
analyte detection system can be ring-locked benzo-indotricarbocyanine compounds, which are 
incorporated into the particles in combinations of two or more than two, to label the particles, 
and distinguish each particle or population of particles having the same combination of 
fluorescent labels from other particles with a different combination of fluorescent labels. 

DRAWINGS 

Figure 1 is an illustration of an exemplary particle for use in a multi-analyte particle 
based detection system according to the present invention where particle 1 illustrates a 
particle-receptor-analyte-receptor complex, and particle 2 illustrates a particle-receptor- 
analyte complex. 

Figure 2 is a schematic illustration of an exemplary flow cytometry system in accord 
with the present invention. 

Figure 3 is a flow chart of a method practiced using the particle detection system as 
exemplified in Figure 1 and incorporating the present invention. 

Figure 4 is a graphical representation of a fluorescent emission stability study of an 
exemplary fluorescent label, IR 792, used in the particle detection system of the present 
invention. 

Figure 5 is a graphical representation of a fluorescent emission stability study of an 
exemplary fluorescent label, Compound 6, used in the particle detection system of the present 
invention. 

Figure 6 is a graphical representation of the fluorescent emissions of an exemplary 
combination of fluorescent labels, IR 792 and Compound 6. 
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Figure 7 is an overlay of the graphical representation of the fluorescent emissions of 
exemplary combinations of fluorescent labels, IR 792 and Compound 6, in varying ratios. 

Figure 8 is a graphical representation of the fluorescent emission of a combination of 
an exemplary fluorescent label, IR 792, and an exemplary analyte detection dye, ETH 5294, 
at the excitation wavelength of the analyte detection dye. 

Figure 9 is a graphical representation of the fluorescent emission of a combination of 
an exemplary fluorescent label, Compound 6, and an exemplary analyte detection dye ETH 
5294, at the excitation wavelength of the analyte detection dye. 

Figure 10 is a graphical representation of a stability study using varying 
concentrations of an exemplary fluorescent label, Compound 5a, embedded in microparticles, 
over a 35 day period. 

Figure 11 is a graphical representation of a stability study using varying 
concentrations of an exemplary fluorescent label, Compound 5b, over a 35-day period. 

Figure 12 is a graphical representation of a stability study using varying 
concentrations of an exemplary fluorescent label, Compound 5d, over a 35-day period. 

Figure 13 is an illustration of an exemplary process for incorporating dyes into beads. 

DESCRIPTION 

The present invention provides particles for use in a a fluorescence based assay system 
and the fluorescent labels employed in the assay system. The assay system can distinguish 
between numerous sub -populations of particles and quantify multiple analytes of interest. 
The fluorescent labels employed in the assay system are excited by a common source and 
emit at distinguishable wavelengths from themselves and other fluorescent sources in the 
system, and have excitation wavelengths in the far-red or near-infrared region of the 
spectrum. 

According to the present invention, multiple analytes are simultaneously detected and 
measured by combining microfluidics and fluorescent particle sensor technology. Multiple 
analytical reactions are isolated onto a set of micrometer scale particles, which are read 
individually by a device such as a flow cytometer. The device determines the identity of each 
set of particles and the extent to which each particle has reacted with its analyte. Each set of 
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particles: 1) carries a unique combination of fluorescent labels to code the particles; 2) is 
specific to an analyte, or class of analytes of interest; and 3) contains a fluorescent dye for 
identifying individual analytes of interest (i.e., an analytical dye, or a fluorescent analyte 
detection dye). 

According to the method of the present invention, an analytical sample is allowed to 
react with a set of particles specific to various analytes of interest. The particles are then 
passed through a detection device. Particles that have reacted with their specific analyte of 
interest generate fluorescent emission spectra corresponding to the fluorescent dye associated 
with the particular particle and analyte of interest. The device identifies the particles at least 
partly by a unique combination of fluorescent labels incorporated into the particles. The 
information from the fluorescent labels is correlated with the information from the analyte 
specific fluorescent dye and the corresponding results allow quantitative identification of 
multiple analytes in one reaction. 

An aspect of the detection system and methods described herein is the preparation and 
use of appropriately labeled particles. The particles employed in the present invention are 
generally made of polymeric materials such as a polystyrene. Suitable preparation techniques 
are generally known to those skilled in the art to make beads/particles that are useful in the 
present invention. An example of a suitable preparation technique is described in U.S. Patent 
No. 4,609,689, incorporated herein by reference. Alternatively, the beads/particles may be 
obtained from a commercial supplier such as Bio-Rad Laboratories Inc., or Bangs 
Laboratories Inc. 

The fluorescent labels employed in the invention are preferably, but not required, 
embedded within the particle. Internally embedding the fluorescent labels in the particle 
increases signal stability by shielding the labels from environmental factors that cause 
fluorescence degradation. Internally embedding the fluorescent labels in the particle also 
reserves the exterior of the particle for binding analytes and/or analytical dyes. 

The fluorescent labels are added to the particles by using methods known to those in 
the art. One known method is a casting process, such as the casting process described in U.S. 
Patent Nos. 4,302,166 and 4,162,282, which are incorporated herein by reference. In this 
process, a fluorescent label and a polymer are dissolved in a solvent. The solution is expelled 
as a stream through a fine nozzle into a sheath of water., A piezoelectric transducer breaks the 
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stream up into discrete droplets that cure into particles as the solvent diffuses into the water. 
Another process is the swell-shrink method. This method, which is incorporated herein by 
reference, is described by L.B.Bangs (Uniform Latex Particles; Seragen Diagnostics Inc. 
1984, p. 40). The swell-shrink process consists of adding an oil-soluble or hydrophobic dye 
to stirred particles and after an incubation period, any dye that has not been absorbed by the 
particles is washed away. 

A set of particles is distinguishable from another set of particles on the basis of a 
unique combination of fluorescent labels for coding the particles. Multiple sets of particles 
can be used to specifically detect multiple analytes in a single reaction. Detecting multiple 
analytes in one reaction can simplify multiple assay procedures and result in less variability 
between results arising from separate assays. 

In the present invention, differing amounts of fluorescent labels are used in varying 
combinations in different sets of particles to identify an individual set of particles from 
another set of particles . It is preferable, but not required, that the particles are labeled with at 
least two fluorescent labels and greater numbers of label combinations can be used to create 
greater numbers of particle populations. For example, a particle containing one part label A 
and two parts label B is distinguishable from a second particle containing two parts label A 
and one part label B. These particles are distinguishable from a third particle containing two 
parts label A and four parts label B or four parts label A and two parts label B. Pairs of 
fluorescent labels can be used in this manner to multiply the number of distinguishable 
particle populations. Accordingly, if an analytical detection system is capable of 
distinguishing ten different amounts of label A, then label A alone could be used to 
differentiate only ten different particle populations. However, if an analytical detection 
system can additionally distinguish between ten different amounts of label B, label A and 
label B can be used in combination to fluorescently label the identities of ten times ten, or one 
hundred different particle populations. If a third label is employed, the number of identifiable 
particles expands to one thousand distinguishable particle populations. 

For an optimal number of distinct particle species it is advantageous that the emission 
spectra of the fluorescent particle labels accurately correspond to the concentrations of 
different fluorescent labels employed in particular particle sets. For accurate identification 
and quantification of multiple analytes on particles by fluorescence it is also advantageous 
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that there is minimal interference between extraneous sources of fluorescence, the fluorescent 
labels employed in the assay, and the fluorescent dye associated with the analyte. Prior 
detection systems and methods have failed to provide a fluorescence based detection system 
that simultaneously provides these advantages. 
5 Particle size is another parameter for coding particles. Particles may be commercially 

purchased in preformed sizes or prepared in different homogenous sizes. Preferred, but not 
required sizes of beads are 5.5, 7.0, and 10.2 microns. The size of a particle can separately be 
detected and determined apart from fluorescence and correlated, along with the fluorescent 
labels, with the analyte detection dye to detect and quantify an analyte of interest. If fewer 
1 0 numbers of coded particles are needed, a combination of fluorescent labels to mark particles 
is preferred. As shown below in Table 1, size and multiple fluorescent labels expand the 
r;3 number of distinguishable particles. In Table 1, three different combinations of relative 
'jf fluorescent concentrations are used. When two different particles sizes are also used, this 
f5 expands the number of distinguishable populations of particles to six. 

:]f%5 



Table 1 . Particle Size as an Additional Particle Coding Parameter. 



Particle 
Number 


Size 


Particle A 
(Relative Amount) 


Particle B 
(Relative Amount) 


1 


1 


1 


1 


2 


1 


1 


3 


3 


1 


3 


1 


4 


2 


1 


1 


5 


2 


1 


3 


6 


2 


3 


1 



The concentration of the fluorescent labels in the particles is proportional to the 
magnitude of the emission signal. The maximum number of distinguishable particle 
20 combinations is achieved by preparing particles with the same magnitude of emission signals. 
It is desirable, but not required, that the magnitude of the emission signals of different sets of 
particles of different sizes are of the same approximate magnitude. To achieve this objective, 
the concentration of fluorescent labels in small particles is increased, and/or the concentration 
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of fluorescent labels in large beads is decreased. The emission wavelengths of the fluorescent 
labels used in the invention are in the near-infrared region of the electromagnetic spectrum. 
For purposes of this disclosure, the near infrared region of the electromagnetic spectrum is 
light having a wavelength greater than 750 nm and less than 1000 nm. Marking particles with 
fluorescent labels with longer emission wavelengths in a series of fixed predetermined 
amounts and the means to accomplish is an improvement in the art. The absorbance and 
emission spectra of these fluorescent labels are well removed from the spectra of common 
interferents. The long emission wavelengths of the fluorescent labels employed in the present 
invention enable a large selection of sensing dyes to be employed as the analytical signal for 
detecting multiple analytes of interest. Accordingly, fluorescent dyes having emission 
wavelengths less than 750 nm can be included as candidates for analytical sensing dyes 
without consideration of overlapping emission spectra with the fluorescent labels. 

It is desirable, but not required, that the fluorescent labels are stable, both in the 
solvents employed for preparing the coded particles and in the particles themselves during 
storage and use. This includes conditions of use wherein the particles are repeatedly heated 
almost to the boiling point of water. Also, it is desirable, but not required, that the fluorescent 
labels to be employed for coding particles are soluble in the solvents required for infusing 
them into the particles. The fluorescent labels advantageously do not leach out of the 
particles during extended storage in aqueous media, or during high temperature processes 
employed in various assays such as DNA amplification. 

It is also desirable, but not required, that the fluorescent labels in a set do not 
significantly interact through energy transfer, even when embedded in a single particle. Such 
interactions can result in inaccurate fluorescence detection (e.g., an apparent loss of 
fluorescence of a shorter wavelength dye in the presence of a longer wavelength dye). These 
types of interactions may complicate simultaneous use of the dyes as particle labels. Further, 
the fluorescent labels advantageously do not have significant interference with fluorescent 
dyes used as the analytical dye such as ETH 5294, a fluorescent pH indicator in particle 
optodes for measurement of target cations. 

It is advantageous, but not required, that the fluorescent labels share the same 
excitation laser. The detection system is generally more compact when the same excitation 
laser is employed in the system and the use of one laser to excite the fluorescent label 
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combination is generally more economically efficient. However, multiple excitation lasers 
may be employed in the detection system to excite the fluorescent label combinations in 
alternate embodiments. 

The emission wavelengths of the fluorescent labels, when used in combination in a 
5 particle, are generally distinguishable from one another, but can have overlapping portions. A 
distinguishable fluorescent label combination is such that one particular particle with one 
combination of fluorescent labels can be identified or differentiated from another particle 
with a different combination of fluorescent labels by the particular emission spectra of each 
particle. For example, a first particle can be identified by comparing the relative magnitude 
10 of the spectral emissions of the fluorescent labels in that particle. This particle can be 
distinguished from a second particle that has a different relative magnitude of spectral 
q emissions for the fluorescent labels in that particle. Fluorescent label combinations 
/^ employing fluorescent labels with spectral emission maxima that differ from one another by 
■& about at least a 30 nm Stokes shift are generally distinguishable. However, this is not a 
jjf 5 requirement of the present invention and the precise separation of the fluorescent label 
; =^ spectral emission maxima required to practice the invention can differ with each particular 

combination of labels and the spectral resolution. 
N Employing the above described fluorescent labels in the assay system solves the 

V limitations of prior fluorescence based detection systems in that: 1) the emission signals of 
;^20 the particles do not significantly interact with each other; 2) the analyte emission signals do 
not significantly interact with the emission signals of the particle; and 3) the emission signals 
of the particles and the analytes do not significantly interact with extraneous sources of 
fluorescence. In addition to the advantages recited above, the use of long wavelength 
fluorescers as labels permits the use of inexpensive and compact diode lasers and economical 
25 photon detectors. 

Near infrared fluorescent compounds are known to those skilled in the art and can be 
employed in the present invention as fluorescent labels for coding particles. Suitable 
fluorescent compounds are selected according to the above criteria by methods known to 
those skilled in the art and can be employed in the present invention. For example, Webb, 
30 J.P., et al. 9 Eastman Organic Chemical Bulletin, (1974), Vol. 46, No. 3; Pierce, B.M., et aL, 
IEEE Journal of Quantum Electronics, (July 1982), Vol. QE-18, No. 7, pp. 1164-1170; 

10 
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Strekowski, et al., Org, Chem., (1992), Vol. 57, pp. 4578-4580; and U.S. Patent Nos., 
2,887,479; 2,895,955; and 5,061,618, the disclosures of which are incorporated herein by 
reference, describe near infrared fluorescent compounds. 

Cyanine dyes are preferably, but not required, used as fluorescent labels for coding 
5 particles due to their stability, solubility, and absorbance and emission in the near infrared 
region (NIR). The basic structure of the cyanine chromophore is represented by Structure A, 
as shown below: 




O Structure A. The Cyanine Chromophore. 

7*1 0 The cyanine chromophore represented above contains a flexible polymethine chain, 

;^ where n represents an integer. The half circles in the above structure represent enough carbon 
fll atoms to make up cyanine nuclei. Examples of cyanine nuclei include substituted or 
i;n unsubstituted thiazole, benzothiazole, napthothiazole, benzoxazole, napthoxazole, 
3 . benzolselanazole, napthoselenazole, indole, and benzoindole rings. Other nuclei are known 

f 5 * 15 to those skilled in the art and can also be employed in the fluorescent labels used in the 
invention. 

; : f Preferably, but not required, modified cyanine compounds are employed as labels for 

coding particles. The chemical modification consists of ring-locking the flexible cyanine 
chromophore with a cycloalkenyl ring. Structure B as shown below represents preferable 
20 ring-locked tricarbocyanine chromophores used in the detection system. 




Structure B. A Ring- locked Tricarbocyanine Chromophore. 

25 

Benzo-indotricarbocyanine dyes containing a ring-locking cyclohexenyl group in the 
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cyanine chromophore have been prepared. These cyanine compounds are represented by 
Structure C as shown below. 




Structure C. Ring-locked Benzo-indotricarbocyanine Compounds. 
In the above Structures A-C: 

The dotted lines represent ring structures with sufficient carbon atoms to make up the 
cyanine nuclei; 

n is an integer; 

X and Y are each independently selected from the group consisting of O, S, NR9, and 
CR9R10; 

Ri and R2 are each independently selected from the group consisting of H, C1-C20 
alkyl, C r C 2 o haloalkyl, Ci- C 2 o alkylene, or Ci- C 2 o haloalkylene; 

R 3 is selected from the group consisting of H 5 halogen, OH, ORn, SRn, NR11R12, Q- 
C 6 alkyl, Ci-C 6 alkylene, C 3 -C 6 cycloalkyl, C 3 -C 6 cycloheteroalkyl, C 3 -C 6 cycloalkylene, C 3 - 

cycloheteroalkylene, phenyl, biaryl, heteroaryl, or heterobiaryl, wherein the C\-Ce alkyl, 
Ci-C 6 alkylene, C 3 -C6 cycloalkyl, C 3 -C6 cycloheteroalkyl, C 3 -C6 cycloalkylene, C 3 -C 6 
cycloheteroalkylene, phenyl, biaryl, heteroaryl and heterobiaryl groups may be substituted 
with halogen, OH, C1-C4 alkyl, or C1-C4 haloalkyl; 

R4, R 5 , R6, and R 7 are each independently selected from the group consisting of 
halogen, OH, C1-C4 alkyl, or C1-C4 haloalkyl, phenyl, or heteroaryl, or other aromatic 
substituents known to those skilled in the art; 

R 8 is selected from the group consisting of C1-C4 alkyl, or C1-C4 haloalkyl; 

R 9 and Rio are each independently selected from the group consisting of hydrogen, Ci- 
C4 alkyl, or C1-C4 haloalkyl; 
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Rn and R\ 2 are each independently selected from the group consisting of Ci-C 6 alkyi, 
C3-C6 cycloalkyl, phenyl, biaryl, heteroaryl, or heterobiaryl, wherein the C1-C6 alkyi, C\-Ce 
cycloalkyl, phenyl, biaryl, heteroaryl, and heterobiaryl groups may be substituted with 
halogen, OH, C1-C4 alkyi, or C1-C4 haloalkyl, or when R 3 represents NR11R12, R11 and R12 
may be taken together to form an optionally substituted C3-C6 aliphatic or C3-C6 aromatic 
heterocyclic ring. 

The above representations serve to exemplify various modifications of the benzo- 
indotricarbocyanine compounds that can be used in the detection system. However, other 
substitutions in various positions on the structure are available and it is understood that the 
scope of suitable compounds is not limited by the above representations. 

The synthesis of cycloalkenyl cyanine dyes known in the art. These cyanine 
compounds are prepared by the reacting a heterocyclic base containing an activated alkyi 
group and either an amino-pentadienylidene-ammonium salt or an unsaturated bisaldehyde. 
See, e.g., Slominski, Yu. L., et al. 9 Zh, Org. Khim., (1983), Vol. 19, 2134; Narayanan, N., J. 
Org. Chem., (1995), Vol. 60, pp. 2391-2395, the disclosures of which are incorporated by 
reference. These preparations are represented below in Scheme 1 in the preparation of benzo- 
indotricarbocyanine compounds useful in the present invention as a fluorescent labels for 
coding particles. 
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5a, R, = R 2 = (CH 2 ) 9 CH 3 , R 3 = H 6, Rj = R 2 = (CH 2 ) 2 CH 3 , Nu = SPh 

5b, R 2 = R 2 = (CH 2 ) 9 CH 3 , R 3 = CI 
5c, Ri = R 2 = (CH 2 ) 17 CH 3 , R 3 = H 
5d, Rj = R 2 = (CH 2 ) 17 CH 3 , R 3 = CI 
5e, R] = R 2 = (CH 2 ) 2 CH 3 , R 3 ~- CI 



Scheme 1. Synthesis of Ring-locked Benzo-indotricarbocyanine Compounds. 

The benzo-indotricarbocyanine compounds such as those shown in Scheme 1 and 
represented in Structure C are prepared by the reaction of a 1, 1,1,2-trimethyl-lH- 
benzo(e)indole with an alkyl halide to produce a compound such as 2, a 2,3,3-trimethy-l- 
alkyl-3-H-benzindolenium halide. Compound 2 is then allowed to react with either a 
pentamethine salt (3a, 3b), or a bisaldehyde (4) to produce a corresponding benzo- 
indotricarbocyanine compound (e.g., 5a-e). Where a halogen substitutent is present on the 
cyclohexenyl ring in the cyanine chromophore, the compounds may be derivatized by 
addition of a nucleophile as shown in the reaction of 5e to 6. Derivatization to compounds 
such as 6 is known in the art and other substitutions may be made according to known 
methods. See, e.g., Strekowski, et aL,J. Org. Chem., (1992), 57, 4578-4580. 

Exemplary particles for use in a multi-analyte detection system are shown in Figure 1. 
As illustrated in Figure 1, particles 12 are labeled with a fluorescent labels 14 A, 14B and an 
analyte receptor 13 is attached to the particle. The particle, 14A or 14B containing the 
analyte receptor 13 is then used to assay a particular sample for an analyte 15 of interest. A 
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fluorescent analyte detection dye 16 is also present. The analyte detection dye 16 emits a 
fluorescent signal when the analyte specific to the receptor is also present in the sample. 

Fluorescent analyte detection dyes are known to those of skill in the art. The 
fluorescent analyte detection dye can be a single fluorescer or a donor-receptor dye pair that is 
5 activated by energy transfer in the detection system and can be synthetic or a naturally 
occurring fluorescer. Appropriate fluorescent analyte detection dyes can be selected for a 
particular assay and used in accordance with the present invention by those of skill in the art 
with reference to this disclosure. 

The fluorescent analyte detection dyes are complexed to the particle by various 

10 methods known to those skilled in the art depending on the particular assay employed in a 
specific analytical reaction. For example, the fluorescent analyte detection dye 16 can be 
attached to a receptor (not shown), or to an analyte 15 (Figure IB), or the analyte can contain 

=8 a naturally occurring fluorochrome (not shown). The fluorescent analyte detection dye can 

,y also be attached to a second receptor in a dual receptor-analyte complex, {e.g., a 

rl|5 Asandwich®), as exemplified in Figure 1 A. 

^ The detection system described herein can be used to detect and quantify analytes in 

assays known to those skilled in the art employing polymeric bead technology. In general, the 
i«* invention is suitable for assays that include coupling, either passive or covalent of an analyte 
r Z to an analyte-specific polymeric surface such as a polymeric bead or particle and detection of 
30 the analyte by fluorescence. A variety of protocols are known to those skilled in the art for 
detecting various analytes either by a direct or indirect signal producing system involving a 
labeled conjugate. The analyte need not be present on the particle in the detection system. 
The analyte can couple to a portion of the analyte-specific receptor and consume a portion of 
the analyte-specific receptor, leaving the fluorescent portion of the complex, which is then 
25 detected by the particle detection system. 

For purposes of this disclosure, the term analyte includes, but is not limited to organic 
or inorganic molecules capable of interaction with an analyte-specific receptor on a particle 
and detection by fluorescence. The term analyte, as used herein, also refers to analyte- 
reactant pairs, analytical reactants, and other molecules that interact with the analyte to 
30 produce the fluorescent detection. Examples of analytes include antibodies, antigens, cells, 
DNA and DNA fragments, electrolytes, enzymes, haptens, metabolites, microorganisms, and 
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other biomolecules as well as non-biomolecules capable of interaction with an analyte- 

specific receptor on a particle and detection by fluorescence. 

The present invention can be employed in detecting and measuring analytes for uses 

such as serology, determination of infectious disease exposure, diagnostic assays such as 
5 determining naturally occurring levels of mammalian hormones and electrolytes, and other 

assays such as therapeutic drug administration, monitoring, and research, as well as 

oligonucleotide assays. 

Examples of antigens that can be detected by the present invention include but are not 

limited to naturally and unnaturally occurring hormones, and therapeutic drugs. Examples of 
10 electrolytes that can be detected by the present invention include but are not limited to 

sodium, potassium, calcium, and chlorine. Examples of enzymes that can be detected by the 
:S8% present invention include but are not limited to amylase and alkaline phosphatase. Examples 

of metabolites that can be detected by the present invention include but are not limited to 
ip glucose, cholesterol, and creatinine. Cells, cell fragments, and micororganisms that can be 
f 15 detected according to the present invention include but are not limited to viruses, bacteria, 
2f fungi, animal and mammalian cells and fragments thereof Examples of oligonucleotides 

that can be assayed by the present invention include mutated and non-mutated genetic 
%^ sequences, such as genetic markers and genetic sequences of infectious diseases. 
: J The term receptor as referred to herein includes analyte-specific reactants capable of 

C20 binding or complexing to a polymeric particle. This includes but is not limited to fluorescent 

reporter molecules capable of reacting with an analyte, and specific-binding pair members for 

detection of analytes such as specific microorganisms and cells. Another example of a 

receptor includes monoclonal antibodies attached to the surface of the particle to serve as 

antibody catchers. An epitope recognized by the antibody, is bound, followed by labeled 
25 antibodies specific to the epitope. Other receptors are known to those of skill in the art. The 

particular use of various receptors in the analyte detection system of the present invention will 

be understood by those of skill in the art with reference to this disclosure. 

An advantage of the invention is that multiple analytes may be detected 

simultaneously in an automated system. For example, a panel of particles may be prepared, 
30 composed of multiple subpopulations of particles, where each individual subpopulation of 

particles is specific to a different analyte of interest. The panel of particles is allowed to react 
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with a test sample and then passed through the detection system. In this manner, a panel of 
analytes may be simultaneously detected and quantified. Thus, the invention is time efficient 
in that multiple assays may be completed in one reaction. Examples of panels known to those 
skilled in the art that may be used with the invention include electrolyte panels, hormone 
panels, and such. It is understood that other multi-analyte panels are known to those with 
skill in the art, and can be employed in the detection system of the present invention, with 
reference to this disclosure. 

A preferred assay system employed in the present detection system and methods is a 
flow cytometer. Flow cytometry systems are known to those in the art. A preferred flow 
cytometer is a modified Coulter XL flow cytometer with a 785 nm laser replacing the 
standard argon ion laser. The flow cytometer operates in the conventional manner known as 
will be understood by those with skill in the art with reference to this disclosure. 

Figure 2 is an exemplary schematic illustration of a flow cytometry system that can be 
used in the present invention. Light energy 23 is provided in the flow cytometer by exciting 
light sources 20A, 20B and 20C, such as a laser or an arc lamp, in the optics subsystem. 
Preferably, a longer wavelength excitation laser is used to simultaneously excite the 
fluorescent labels, used to mark the particles 21, and one or more shorter wavelength 
excitation lasers are used to excite the fluorescent analyte detection dyes. The optics 
subsystem of the cytometry device can include appropriate laser line filters, beam expanders, 
mirrors, lenses, and flowcells, as well as other components advantageous in operating a 
cytometry device as will be understood by those with skill in the art with reference to this 
disclosure. 

Appropriate lower wavelength lasers for excitation of the analyte dyes are known to 
those skilled in the art. A preferred excitation wavelength for the fluorescent analyte 
detection dyes is a 635 nm diode laser, alternatively, a 650 nm diode laser, or a 633 nm 
helium-neon laser can be used. Alternatively, a lower wavelength 488 nm argon-ion, or a 530 
nm doubled YAG laser can be used. In another aspect of the invention, multiple detection 
lasers can be used to detect multiple fluorescent dyes at different excitation wavelengths. In 
this aspect of the invention*, a combination of a higher wavelength laser with a lower 
wavelength laser is used. An example of this aspect of the invention is a 650 nm laser and a 
530 nm laser, used to excite different fluorescent dyes on different particles. Longer 
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wavelength lasers (e.g., greater than 750 nm) are known to those skilled in the art. A 
preferred laser excitation wavelength is about 785 nm. In a preferred, but not required aspect 
of the invention, a flow cytometry system with three lasers at 532, 650, and 780 nm is used. 
Appropriate detectors 25 for detecting a particular emitting light 24 in the detection 
5 subsystem are known as will be understood by those with skill in the art with reference to this 
disclosure. The detectors can be photodiodes or photomultipliers or similar devices that 
convert light signals into electrical impulses thereby associating the detected light with its 
fluorescent source. Detectors for detecting forward and side scattered light are known to 
those in the art and can be used to detect light scatter in the detection system as will be 
10 understood by those with skill in the art with reference to this disclosure. Light scatter and 
fluorescence can be simultaneously detected with respect to each particle in the examination 
zone. In a preferred, but not required, aspect of the invention, a forward scatter detector, a 
; 0 side scatter detector, and photomultiplier tubes are employed in a detection subsystem. The 
j;j detection subsystem can also employ a system of filters, mirrors, as well as other components 
rljs advantageous in operating a cytometry device as will be understood by those with skill in the 
art with reference to this disclosure. The electrical signals from the detectors 26 are typically 
fed into the electronics of the system for signal and display processing, storage, and/or further 
j** processing. 

^ In an analysis subsystem, hardware, such as a microprocessor 27 in combination with 

I : io memory storage 28 such as a hard drive in a computer, collects detected data and processes 
the data. Suitable hardware used in the analysis system is known as will be understood by 
those with skill in the art with reference to this disclosure. The analysis system software, 
used for data and signal processing, can correlate detected data with known data to produce 
analytical results. The analysis subsystem can collect data from the electrical signals 

25 associated with each particle. A class of particles is established based on the common 
characteristics of the class of particles. The data from a known class of particles can be 
compared to the data detected from sample particles of an unknown class. The processed 
data and interpreted results can be given as output 29 to a user. 

With reference to Figure 3, a method according to the present invention comprises a 

30 first preprocessing phase. In the first preprocessing phase, various subpopulations of particles 
are prepared and coded 32, according to the present invention as described above, with 
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different labels including multiple fluorescent labels and/or varying particle size. Each 
subpopulation of particles in a particular assay can then be preprocessed and baseline data for 
each particular subpopulation of particles can be collected to generate a set of functions for 
particle classification 33. In a second analytical phase, the particles are combined 34 and 
exposed to an analytical sample and any appropriate reagents 35. The particles are then 
analyzed and assigned to a particular subpopulation according to predetermined 
classifications 36. Measurements relating to each subpopulations analyte are accumulated. In 
a third interpretation phase, the accumulated data is processed 37 and the interpreted results 
are given as output to the user 38. 

In the preprocessing phase, analyte specific particles are prepared containing the 
combination of fluorescent labels. The particle subpopulations are passed substantially one at 
a time through an examination zone in the flow cytometer. In the examination zone, an 
excitation laser at the appropriate excitation wavelength illuminates the particles. Baseline 
fluorescence data is collected for each subpopulation of particles. When size is used as an 
additional parameter for coding the particles, baseline data on the forward and side scatter for 
each subpopulation of particles is also collected. 

In the analytical phase, the multiple subpopulations of particles are combined, to 
create a population of particles. The particles are allowed to react with an analytical sample 
along with any appropriate reagents employed in the particular assay panel. The particles are 
optionally washed and again passed substantially one at a time through the examination zone 
of the flow cytometer. In the examination zone, the particles are illuminated by at least two 
excitation lasers at the appropriate excitation wavelengths. The excitation lasers may operate 
sequentially or substantially together. An advantage of the present invention is that because 
of the separation in wavelength between the fluorescent labels used to mark the particles and 
the fluorescent dyes used in analyte detection, spatial separation between the two excitation 
lasers in not needed. 

The appropriate detectors measure the emissions signals from the excited particles. 
Fluorescence is detected in different channels for the fluorescent labels and fluorescent 
analyte dyes. When particle size is used as a parameter to distinguish between 
subpopulations of particles, forward scatter and side scatter particle signals are also detected. 

In the interpretation phase, clusters of particles with similar fluorescence and forward 
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and side scatter measurements are associated with analyte specificity by reference to the 
baseline fluorescence and scatter measurements made prior to combining the particles with 
the analyte. For each reaction and for each analyte-associated subpopulation of particles, a 
value is calculated that is equal to a statistic such as the median fluorescence from the 
fluorescence detection channel associated with the signal of that analyte. This produces a set 
of values for each reaction corresponding to each of the analytes in the assay panel. The 
relationship between the values and concentration of each analyte is determined using a curve 
fit based on the values from the reactions of previously prepared calibrator solutions. Each 
value-analyte concentration pair is fit to a four parameter logistic binding curve to determine 
curve parameters. The values measured from each of the test samples and the parameters 
determined from the curve fit are used to calculate the concentration of each analyte from 
each test sample. 

Particles that have passed through the flow cytometer can be collected and sorted 
according to their classifications in different subpopulations. 



EXAMPLE 1 . Cyanine compounds employed as fluorescent labels. 

IR-792 perchlorate, as shown below in Structure D, is a commercially available 
fluorescent label, useful in the present invention. IR-792 perchlorate, commercially available 
from Aldrich Chemical Company, is a fluorescent ring-locked cyanine compound that is 
excited by a 782 nm diode laser with a fluorescence emission frequency of 821 nm. The 
compound has good solubility in methylene chloride and stability in methylene chloride over 
time. Figure 4, an overlay of the emission spectra of IR-792 perchlorate in methylene 
chloride for a two-month period, shows the stability of IR-792 perchlorate in solvent over 
time. 



EXAMPLES 
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Structure D. IR 792 Perchlorate. 

As an example of a pair of fluorescent labels used for particle coding, IR 792 
perchlorate is incorporated in combination with Compound 6 according to the present 
invention. Compound 6 is excited by a 782 nm diode laser and has a fluorescence emission 
of 863 nm. Compound 6 has good solubility and stability in methylene chloride. Figure 5, an 
overlay of the emission spectra of Compound 6 in methylene chloride for a two-month 
period, shows the stability of Compound 6 in solvent over time. 

The pair of fluorescent labels is excited by the same frequency of exciting light. The 
emissions from the label pair are spectroscopically distinguishable such that the individual 
emissions of each label in a combined emissions spectrum will allow identification of the 
label pair according to relative intensity and emission wavelength. Figure 6 shows the 
emission spectra of IR 792 perchlorate and Compound 6 in methylene chloride. The 
combination of fluorescent labels, according to the present invention, have negligible 
interaction with each other. Figure 7 is an overlay of five emission spectra of different 
concentrations of IR 792 perchlorate and Compound 6. The relative ratios of IR 792 
perchlorate and Compound 6 are: 4:0; 3:1; 2:2; 1:3; and 0:4, respectively. The iso-bar point 
observed in the emission spectra indicates null cross talk of the two fluorescent labels in 
methylene chloride. This is the basis of multiple combinations of fluorescers for coding 
particles. The fluorescent labels also have negligible interaction with fluorescent dyes 
employed in analyte detection as shown in Figure 8, an overlay of the emission spectra of 
ETH 5294 with and without IR 792 perchlorate in methylene chloride at an excitation 
wavelength of 539 nm. Figure 9 is an overlay of the emission spectra of ETH 5294 with and 
without Compound 6 in methylene chloride at an excitation wavelength of 539 nm. As seen 
in Figures 7 and 8, there is negligible spectral energy transfer from analyte dye, ETH 5294 to 

( 
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fluorescent labels, IR 792 perchlorate and Compound 6. Cross talk is minimal in IR 792 
perchlorate and Compound 6, even at high concentration (e.g., 1 x e" 5 M). 



TABLE 2 . Summary of Spectral Data for IR-972 and Compound 6. 



Compound 


^■max 

(methylene 
chloride) 


Em. 
(methylene 
chloride) 


Estimated 
Q.E. 


e 


FWHM 


IR 792 


800 nm 


821 nm 
(Ex. 782 nm) 


~ 20% 


230K 


~ 50 nm 


6 


838 nm 


863 nm 
(Ex. 782 nm) 


~ 15% 


210K 


~ 50 nm 



EXAMPLE 2. Ring-locked dibenzocyanine compounds used as fluorescent label pairs. 

In another example, fluorescent Compounds 5a and 5b and Compounds 5c and 5d are 
employed in combination as fluorescent labels for coding particles. Compounds 5a-d are 
ring-locked dibenzocyanine compounds with a pair of extended alkane side chains. The label 
pairs differ by the inclusion or absence of a chlorine atom attached to the cyanine backbone 
above the locking ring. The alkane side chains increase the solubility of the charged labels in 
particle solvents and polymers and the stability of the labeled particles. Inclusion of the 
chlorine atom in the cyanine backbone causes the molecule to both absorb and emit at longer 
wavelengths than molecules that lack the chlorine atom. Table 3 summarizes the spectral 
data for Compounds 5a-d. 

TABLE 3 . Summary of Spectral Data for Compounds 5a-d. 



. Compound 


(methylene chloride) 


Em. 

(methylene chloride) 


5a 


787 nm 


833 nm 
(Ex. 782 nm) 


5b 


820 nm 


860 nm 
(Ex. 782 nm) 


5c 


787 nm 


833 nm 
(Ex. 782 nm) 


5d 


820 nm 


860 nm 
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| | (Ex. 782 nm) 

Figure 10, Figure 11, and Figurel2 show the fluorescence signal from particles 
incorporated with different concentrations of Compounds 5a, 5b, and 5d over time as 
measured in a flow cytometer with a 785 nm laser. The fluorescence emission spectra of 
5 Compounds 5a, 5b, and 5d, in accordance with the present invention, show increasing signal 
with increasing weight percentage of the fluorescent label as shown in Figure 10, Figure 11, 
and Figurel2 and a lack of signal degradation over time. 

EXAMPLE 3. Preparation of Compound 6, [2-[2-[2-Phenylsulfyl-3-[(l,3-dihydro-3,3- 
dihydro-3 ,3 -dimethyl- 1 -propl-2H-benzoindol-2-ylidene)ethylidene] - 1 -cyclohen- 1 - 
1 0 yl]ethenyl]3,3-dimethyl-l -propylbenzoindolium] Iodide. 

Preparation of //-propyl- 1,1,2-trimethyl-lH-benzyl indole iodide (2, R = (CH 3 ) 2 CH 3 ). 
% To a one-neck round bottom flask, equipped with stir bar, was charged with 1 , 1 ,2-trimethyl- 
y lH-benzyl-indole (2 g, 9.6 mmole, 1) and iodopropane (2.4 g, 14.3 mmole). The flask was 
'115 placed in an oil bath (pre-heated at 90 EC) for 24 hrs under N 2 . The resulting reaction 

mixture was allowed to cool to ambient temperature and filtered. The solid was washed with 
; iodopropane (5 mL), hexane (50 mL), and dried under vacuum at 60 °C for 6 hrs gave 3.2 g of 
H a red colored solid in 88% yield. ] H NMR (CDC1 3 ) 5 ppm: 1 . 1 5 (t, 3H), 1 .88 (s, 6H), 2.08 
5 (m, 2H), 3.21 (s, 3H), 4.79 (t, 2H), 7.67-7.74 (m, 2H), 7.82 (d, 1H), 8.04-8.13 (m, 3H). 13 C 
! 20 NMR (CDC1 3 ) S ppm: 11.29, 16.82,21.62,22.69,51.44, 55.83, 112.54, 122.76, 127.55, 

127.69, 128.58, 129.96, 131.38, 133.57, 136.99, 138.11, 195.28. TLC (9/1, CHC1 3 / MeOH) 

R f =0.43. 

Preparation of [2-[2-[2-chloro-3-[(l ,3-dihydro-3,3-dimethyl-l -propyl-2H-benzylindol- 
2-ylidene)ethylidene]- 1 -cyclohexen- 1 -yljethenyl] -3 ,3 -dimethyl- 1 -propylindolium] Iodide 

25 (5e). To a flame dried one-neck round bottom flask was dissolved 7V-propyl- 1,1, 2-trimethyl- 
lH-benzyl indole iodide ( 2 g, 5.3 mmole, 2) and //-[(3-(Anilinomethylene)-2-chloro-l- 
cyclohexen-l-yl)methylene] aniline (0.9 g, 2.6 mmole) (3b) in 50 mL of anhydrous ethanol 
under N 2 . Sodium acetate (518 mg, 6.3 mmole) was added to the reaction solution and the 
resulting mixture was refluxed for 1 h. The reaction was cooled to ambient temperature and 

30 diluted with 10 mL of methanol. The solvent was evaporated under vacuum and the residue 
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was purified by liquid chromatography on silica gel using mixture of methylene chloride and 
methanol as eluent to give 1 .89 g of a dark green color solid in 43% yield after drying. ] H 
NMR (CDC1 3 ) 5 ppm: 1.15 (t, 6H), 1.21 (t, 2H), 1.90-2.10 (m, 16H), 2.78 (t, 4H), 4.35 (t, 
4H), 6.25 (d, 2H), 7.50 (m, 4H), 7.65 (t, 2H), 7.98 (m, 4H), 8.18 (d 5 2H), 8.43 (d, 2H). 13 C 
5 NMR (CDCI3) 5 ppm: 11.59,20.69,21.12,26.67,27.63,46.46,51.06,65.78, 100.88, 
110.89, 122.00, 125.08, 127.11, 127.72, 128.01, 130.08, 130.72, 131.83, 133.72, 139.66, 
143.23, 149.76, 173.72. TLC (9/1, CHCI3 / MeOH) R f = 0.43. 

Preparation of [2-[2-[2-Phenylsulfyl-3-[(l,3-dihydro-3,3-dihydro-3,3-dimethyl-l- 
propl-2H-benzoindol-2-ylidene)ethylidene]- 1 -cyclohen- 1 -yl] ethenyl] 3 ,3-dimethyl- 1 - 
10 propylbenzoindolium] Iodide (6). 

To a flame dried two-neck, 250-mL, round bottom flask was dissolved [2-[2-[2- 
chloro-3-[(l ,3-dihydro-3 ,3-dimethyl- 1 -propyl-2H-benzylindol-2-ylidene)ethylidene]- 1 - 
P cyclohexen-l-yl]ethenyl]-3,3-dimethyl-l-propylindolium iodide] ( 500 mg, 0.65 mmole, 5e) 
-Q in 100 mL of anhydrous DMF under N 2 . Added sodium thiobenzene (1.7 g, 13.0 mmole) to 
^5 the reaction solution and the resulting reaction mixture was stirred for 1 h at ambient 
2f temperature under N2. The solvent was evaporated under high vacuum and the residue was 
m purified by liquid chromatography on silica gel using mixture of methylene chloride and 
'l A methanol as eluent to give 360 mg of a dark green color solid in 66% yield after drying. H 
h J NMR (CDCI3) 5 ppm: 1.08 (t, 6H), 1.78 (s, 12H), 1.92-2.07 (m, 4H), 2.09-2.1 1 (m, 2H), 2.82 
m (t, 4H), 4.26 (t, 4H), 6.26 (d, 2H), 7.28-7.30 (m, 5H), 7.41-7.48 (m, 4H), 7.58 (t, 2H), 7.91 (d, 
4H), 8.04 (t, 2H), 8.78 (d, 2H). 13 C NMR (CDCI3) 8 ppm: 11.60,20.81,21.12,26.73,27.39, 
46.38,50.90, 101.20, 110.81, 122.01, 124.97, 125.62, 126.04, 127.58, 128.00, 129.43, 
130.04, 130.58, 131.75, 133.81, 133.94, 137.23, 139.66, 145.02, 150.50, 173.61. TLC (9/1, 
CHCI3 / MeOH) R f = 0.43. A. max (MeOH) = 829 nm. 

25 

EXAMPLE 4 . Preparation of Compound 5a, [2[2[3[l,3-dihydro-3,3-dimethyl-l-decyl-2H- 
benzoindol-2-ylidene)ethylidene] - 1 -cyclohexen- 1 -yljethenyl] 3 ,3-dimethyl- 1 - 
decylbenzoindolium] Iodide. 

30 Preparation of 2,3,3-Trimethyl-l-decyl-3-H-benzindolenium 'Iodide (2, R = 

(CH 3 ) 9 CH 3 ). A mixture of l,l,2-trimethyl-(lH)-benz[e] indole (1, 5.0 g., 23.89 mmol) and 
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iododecane (20 mL, 95.46 mmol) was heated at 130EC in an oil bath under Argon 
atmosphere with stirring overnight. The reaction mixture was cooled to ambient temperature 
and filtered. The product was washed with ether, and ethyl acetate (4x20mL), and dried 
under vacuum to afford 7.42g (64.9%) of pure product. TLC (5% MeOH/CH 2 Cl 2 ):R f = 0.6. 

Preparation of [2[2[3[l,3-dihydro-3 ? 3-dimethyl-l-decyl-2H-benzoindol-2- 
ylidene)ethylidene]- 1 -cyclohexen- 1 -yl] ethenyl] 3 ,3-dimethyl- 1 -decylbenzoindolium] Iodide 
(5a). A solution of l-decyl-2,3,3-trimethylbenzoindolinium Iodide (2, 600 mg., 1.25 mmol), 
NB[3-anilinomethylene)-l-cyclohexen-l-yl)methylene]aniline monochloride (3a, 206mg, 
0.67 mmol), and anhydrous Sodium acetate (200mg ? 2.4mmol) in absolute ethanol (30mL) 
was heated at reflux temperature under an Argon atmosphere overnight. The reaction mixture 
was cooled and the ethanol was removed under reduced pressure. The resulting crude 
product was purified by chromatography on silica gel using a methanol-CH 2 Cl2 gradient from 
0% to 3%. The pure fractions were collected. The solvent was removed and the product was 
dried under Vacuum affording 430 mg (43%) of product. R f in 10% methanol in 
dichloromethane is 0.58, W 787 (MeOH). ] H (CDC1 3 ) 5 0.95 (t, 8H), 1.2-2.1 (45H0, 2.5 (t, 
4H), 4.1 (t, 4H0, 6.1 (d, 2H), 7.3-7.6 (m, 6H), 7.9 (m, 6H), 8.2 (d, 2H). 

EXAMPLE 5 . Preparation of Compound 5b, [2-[2-[2-Chloro-3-[(l,3-dihydro-3,3-dimethyl- 
1 -decyl-2H-benzoindol-2-ylidene)ethylidine]- 1 -cyclohexen- 1 -yl] ethenyl] 3 ,3-dimethyl- 1 - 
decylbenzoindolium] Iodide. 

The quarternary salt (2, R = (CH 3 )9CH 3 ), lg, 2.2mmol) and 2-chloro-l-formyl-3- 
hydroxymethylene-cyclohexene (4,193 mg, l.lmmol) were dissolved in a mixture of 1- 
butanol and bezene (7:3) in a flask equipped with a Dean-Stark trap. The mixture was heated 
under reflux with stirring overnight under Argon. The reaction was cooled to room 
temperature and the solvents were removed under vacuum. The residue was purified by 
column chromatography on silica gel using 3% methanol in dichloromethane. The fractions 
with absorption maxima at 820 were collected together. Removal of the solvent and drying 
under vacuum afforded pure dye 900mg (45%). TLC (95:5 CH 2 Cl 2 /MeOH)R f = 0.33, VIS- 
NIR ?w 820 (MeOH). 1 H NMR (CDC1 3 ) 5 0.95(t,8H), 1.3-2.1 (m,44H0, 2.8(t,4H), 4.3 
(t,4H), 6.3 (d, 2H), 7.5 (m, 4H), 7.7 (t, 2H), 8.0 (m,4H), 8.2 (d, 2H), 8.5 (d, 2H). 
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EXAMPLE 6 . Preparation of Compound 5c, [2[2-[3[(l 5 3-dihydro-3,3-dimethyl-l-octadecyl- 
2H-benzoindol-2ylidene)ethylidene] - 1 -cyclohexen- 1 yl] ethenyl] 3 ,3 -dimethyl- 1 - 
octadecylbenzoindolium] Iodide. 
5 Preparation of 2,3 5 3-Trimethyl-l-Octadecyl-3H-benzindoleninum Iodide (2, R = 

(CH 3 )i 7 CH 3 ). A mixture of l ? l,2-Trimethyl-lH-benzo(e)indole (1, 2.0g, 9.5 mmol) and 
iodooctadecane (4.18g, 1 lmmol) was heated at 130EC in an oil bath with stirring overnight. 
On cooling, the product was extracted with methanol and evaporated. Chromatography of the 
residue on silica gel column eluted with 0% to 5% methanol in dichloromethane gradient 

10 furnished the pure product. After solvent removal and vacuum drying 2. 3 g (41%) of pure 
product was obtained. TLC (90:10 CH 2 Cl 2 /MeOH)R f = 0.55. 

[2[2-[3[(l,3-dihydro-3,3-dimethyl-l-octadecyl-2H-benzoindol-2ylidene)ethylidene]-l- 
cyclohex en- lyl] ethenyl] 3, 3 -dimethyl- 1 -octadecylbenzoindolium] Iodide (5c). A solution of 

j;| l-octadecyl-2,3,3-trimethylbenzoindolinium Iodide (2,565 mg, 0.958mmol), N-[3- 

anilinomethyelene)-l -cyclohexen- lyl)methylene] aniline monochloride (3,1 56mg, 0.48mmol), 
and Sodium acetate (150mg, 1.8mmol) in absolute ethanol (30mL) were heated at reflux 

- temperature under an Argon atmosphere overnight. The reaction was cooled and the ethanol 

l zt& was removed on a rotary evaporator. The residue was chromatographed on silica gel column 
using dichloromethane then 5% methanol in CH2CI2. The pure fractions were pooled 

21) together and the solvent was evaporated to give 440mg (40%), of deep green solid. R f = 0.64 
(10% methanol in dichloromethane), X max 787 (MeOH). ! H NMR (CDC1 3 ) 5 0.95 (t, 8H), 
1.2-2.1 (m, 76H), 2.8 (t, 4H), 4.3 (t,4H), 6.3 (d, 2H), 7.5-8.5 (m, 14H). 

EXAMPLE 7. Preparation of 5d, [2-[2-[2-Chloro-3-[(l,3-dihydro-3,3-dimethyl-l-octdecyl- 
25 2H-benzoindol-2-ylidene)ethylidene]-l -cyclohex en- 1-yl] ethenyl] 3, 3 -dimethyl- 1- 

octdecylbenzoindolium] Iodide. 

The quarternary salt (2, R = (CH 3 )i 7 CH 3 ), 1 .4g, 2.4mmol), and 2-chloro-l-formyl-3- 

hydroxymethylene-cyclohexene (3,220mg, 1.2mmol) were dissolved in a mixture of 1- 

butanol and benzene (7:3) in a flask equipped with a Dean-Stark trap. The mixture was 
30 heated at reflux with stirring overnight under Argon. The reaction was cooled to room 

temperature and the solvents were removed in Vacuum. The residue was purified by column 
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chromatography on silica gel using 3% methanol in dichloromethane. The fractions with 
absorption maxima at 820 were collected. Removal of solvent and drying under vacuum 
afforded l.lg (40%) of pure chloro dye. TLC (5% dichloromethane) R f = 0.38, VIS-NIR X maK 
820nm in methanol. *H NMR (CDC1 3 ) 5 0.9 (t, 8H), 1-3-2.0 (m, 76H, 2.8 (t,4H), 4.3 (t,4H), 
5 6.3 (d, 2H0, 7.5 (m, 4H), 7.7 (t, 2H) 5 8.0 (m, 4H), 8.2 (d, 2H), 8.5 (d, 2H). 

EXAMPLE 8 . Incorporation of Fluorescent Labels into Particles. General swell-shrink 
method. 

10 A bead dyeing process useful in the present invention is illustrated in Figure 13. A set 

of 5.5 micron beads in water, purchased from Bangs Labs, Inc. are mixed with known 
proportions of dyes, dissolved in chloroform. The beads swell to about 7 microns in 22 hours 
and the dyes diffuse into the beads. The beads are then soaked in water and the dyes are 

g;3 retained in the beads. The beads shrink back to their original 5.5 micron size after 72 hours, 
incorporating the known proportions of dyes within the beads. 



* EXAMPLE 9 . 

jrl Fluorescent Bead Labeling. General Procedure . 

Step 1. Preparation of Bead Suspension (in a 5-mL vial w/ Teflon lined cap). Bead 
suspensions of 10 |iL for 5.5 beads (1.0E+07 beads), 10 [iL for 10.2 |um beads (1.7E+06 
beads), and 4 jaL for 4.45 jam beads (7.9E+06 beads) were prepared using an aqueous buffer 
containing surfactants and preservatives ("aqueous buffer") (1 mL), water (1.2 mL), and 
25 ethanol (0.5 mL). The bead suspensions were heated in an oil bath at 70 °C (+/- 2 °C) for 20 
min. 

Step 2. Preparation of Dye Solution. Dyes, according to the present invention, (125 
|iL, in CHC1 3 ) were dissolved in ethanol (500 |uL), and methylene chloride (12.5 |xL). 

Step 3. Labeling Beads. To 50 jaL (20 |^L for 4.45 jam) of the dye solution from Step 
30 2 was added to the bead suspension prepared according to Step 1 . The suspension was heated 
and stirred at 70 °C (+/- 2 °C) for 3 hours in an oil bath. The tube was uncapped and vented 
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for 1 hour and cooled to room temperature. 

Step 4. Washing. The suspension from step 3 was centrifuged and the supernatant 
was removed. The beads were washed three times with aqueous buffer (2 mL) and water (8 
tolOmL). 
5 Dye Loading Procedure. 

The following standard dye stock solutions of Compounds 5a and 6 were prepared as 
follows. Compound 5a: 2 mg in 2.5 mL chloroform (10~ 3 M); 10 mg in 1 .25 mL chloroform 
(10 2 M). Compound 6 2.1 mg in 2.5 mL chloroform (10" 3 M); 8.4 mg in 1.25 mL chloroform 

10 (10~ 2 M). Dye solutions according to Table 4, were then prepared from ethanol (500 \\L, 

Beckman, 200 proof), methylene chloride (12.5 jaL, JTB 30812), Compound 5a (X jJL, from 

^ Table 4), Compound 6 (Y (iL, from Table 4), and chloroform (Z jaL, from Table 4, 

'S Mallinkrodt, 4440). 

:3 To 5-mL vials equipped with stir bars and Teflon caps, 1.00 mL of aqueous buffer, 0.5 

:1|5 mL of Ethanol (Beckman, 200 proof), 1.2 mL of water and 10 (iL of polymer based beads 

(5.5 (am, Bangs Labs. Cat# PC06N, Lot# 2820) were added. The vials were then placed in an 
: E s oil bath preheated to 70 °C +/- 2 °C. After heating the bead solution for about 20 min, 50 |^L 
W of dye solution was added to each vial. The vials were then placed in an oil bath and 
r: incubated for 3 hours at 70 °C (+/- 2 °C). The organic solvents were then removed by 
2t) removing the caps from the vials followed by continued heating of the vial for 1 hour. The 

dye solution was then cooled and the solution in each vial was transferred to a 15-mL PP 

centrifuge tube using 1.5 mL of water to rinse the vial. The tubes were centrifuged for 10 min 

at 2420 rpm on a Beckman GS-6R with a GH-3.7 rotor. 

After centrifugation, the supernatant was removed from the tubes. Aqueous buffer (2 
25 mL and water (8 mL) were added to the tube. The tube was then vortexed, sonicated for 5 

min, and centrifuged for 10 min at 2420 rpm to obtain colored pellet. The supernatant was 

removed after centrifuging. The above step was repeated 3 times and the final volume was 

adjusted to 2 mL with the aqueous buffer. 

30 Table 4. 



Sample # 


Compound 5a 


Compound 6 


CHCI 3 (|aL) 
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X 


Y 


Z 


1 


VL 10" 3 M 


5^L 10' 3 M 


119 


2 


1^iL 10~ 3 M 


20^L 10" 3 M 


104 


3 


1^iL 10~ 3 M 


40^L 10" 3 M 


84 


4 


0 


80(iL 10" 3 M 


40 


5 


4^1. 10" 3 M 


0 


121 


6 


3^L 10" 3 M 


5|aL 10" 3 M 


117 


7 


4^L 10" 3 M 


20^L 10' 3 M 


101 


8 


4^iL 10" 3 M 


40^L 10" 3 M 


81 


9 


10" 3 M 


80^L 10" 3 M 


44 


10 


0 


12^L 10~ 2 M 


113 


11 


4pL 10" 3 M 


5|J_ 10" 3 M 


116 


12 


8^L 10" 3 M 


20^L 10" 3 M 


97 


13 


8^iL 1 0" 3 M 


40^L 10" 3 M 


77 


14 


8\iL 10" 3 M 


10^L 10" 2 M 


107 


15 


8(aL 10" 3 M 


0 


117 


16 


8^L 10~ 3 M 


10|J_ 10" 3 M 


107 


17 


16m-L 10" 3 M 


40|il_ 10" 3 M 


69 


18 


16^L 10~ 3 M 


80jxl_ 10" 3 M 


29 


19 


16(aL 10" 3 M 


10nL10- 3 M 


99 


20 


32^iL 10~ 3 M 


40nL 10~ 3 M 


53 


21 


32^L 10" 3 M 


10^L 10~ 2 M 


83 


22 


16^iL 10" 3 M 


0 


108 


23 


64|al_ 10" 3 M 


0 


61 


24 


48fJ. 10" 3 M 


40^iL 10" 3 M 


37 


25 


32^L 10~ 3 M 


10^L 10" 3 M 


83 


26 


64^iL 10" 3 M 


40^iL 10" 3 M 


21 


27 


64^L 10" 3 M 


8nL 10~ 2 M 


53 


28 


74(aL 10" 3 M 


5^L 10" 2 M 


46 
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29 


80nL 10" 3 M 


0 


45 


30 


125JIL 1CT 3 M 


0 


0 



EXAMPLE 10 . Preparation of oligonucleotide coupled fluorescently labeled beads. 

The experimental procedure below describes the procedure for covalently 
5 coupling oligonucleotides to the surface carboxyl groups to fluorescently labeled beads. In 
Example 10, 5.5 micron Bangs beads were used and the beads were fluorescently labeled 
according to the procedure described in Experiment 9. The number of ligands per bead were 
determined by hybridizing a dye-labeled oligonucleotide to a coupled oligonucleotide and 
measuring the intensity of its fluorescence by cytometry. In the experimental procedure 
I f described below, an accurate measurement of 500,000 beads, coupled in each of two 
: ;i duplicate reactions, can be obtained. The carboxyl groups on the beads were assumed to have 
<0 a parking area (Certificate of Analysis, Bangs Laboratories, Inc.) of 82.3 square Angstroms 
0% (i.e., there are approximately 100,000,000 carboxyl groups per bead). 

rjsj In the procedures described below, suspensions of beads are typically vortexed (V) for 

15 5 seconds, sonicated (S) for 5 minutes and centrifuged (C) for 5 minutes at 14,000 revs per 
minute (rpm). 

s g EDC (1 -Ethyl-3 -(3 -Dimethyl aminopropyl)carbodiimide Hydrochloride, Pierce, P/N 

22980), stored at freezing temperature in a desiccant containing container, was removed from 
freezing (storage) temperature and warmed to room temperature while remaining in the 

20 container with the desiccant. 

A bead stock solution was created at a bead concentration of approx. 62,500 beads / 
jaL. The bead stock solution was vortexed (V) and sonicated (S). Bead stock solution (8 |iL) 
was added to a labeled 0.65 mL Microfuge™ tube (Bioexpress, #C-3259-l). MES buffer (8 
(iL, 1.0 M, pH 4.7) was added to the 8 [ih bead stock solution followed by vortexing and 

25 sonication. The final volume of the solution was 16 |xL. The bead stock solution was 
equilibrated at room temperature for 3-20 hours. 

After equilibration, coupling oligonucleotide (2.0 |uL at 100.0 pmoles/|iL in distilled 
deionized (DI) water) and MES buffer (2.0 ^L,1.0M, pH 4.7) was added to the Microfuge™ 
tube. The tube was vortexed and sonicated according to standard procedure. The final 
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solution contained approximately 500,000 beads coupled to oligonucleotide in a 20.0 (iL 
solution. 

Three 1.7 mL Microfuge™ tubes (Bioexpress, #03260- 1) were labeled A, B, and C. 
EDC (approximately 10 mg, Pierce, P/N 22980) was added to each tube. The weight of EDC 
in each tube was noted and the tubes were capped. 

To the first tube, tube A, enough DI water was added to create a 10 mg/150 |LiL 
concentration solution. The tube was vortexed to dissolve the EDC. The EDC solution from 
tube A (1.7 uL) was immediately added to the oligonucleotide coupled bead solution. The 
tube of oligonucleotide coupled beads containing EDC was then vortexed and sonicated 
according to standard procedure followed by incubation at room temperature for fifteen 
minutes after sonication. 

To the second tube, tube B, enough DI water was added to create a 10 mg/150 (aL 
concentration solution. The tube was then vortexed to dissolve the EDC. The EDC solution 
from tube B (1 .7 |iL) was immediately added the bead solution from tube A ("reaction tube"). 
The reaction tube was then vortexed, sonicated, and incubated at room temperature for 
fifteen minutes after sonication. 

To the third tube, tube C, enough DI water was added to create a 10 mg/150 |iL 
concentration solution. Tube C was then vortexed to dissolve the EDC. The EDC solution 
from tube C (1.7 uL) was immediately added to the reaction tube from above. The reaction 
tube was then vortexed, sonicated, and incubated at room temperature for fifteen minutes 
after sonication. 

After the 15 minutes from the above sonication, 500 uL of a IX PBS/0.02% 
Tween20™ (Sigma) solution was added to the reaction tube. The reaction tube was then 
vortexed, sonicated and centrifuged. 

After centifugation, the supernatant was carefully removed from each tube using a 
P200 Pipetteman™ with a "loading" tip. The pellet of beads on the bottom of the containers 
was not disturbed. Recentrifugation of the sample is required when the bead pellet is 
disturbed. 

Tween20™ solution (500 uL 2x SSC/0.02% Tween20™, Sigma) was added to each 
reaction tube. The tubes were then vortexed, sonicated and centrifuged. The supernatant 
from each tube was carefully removed using a P200 Pipetteman™ with a "loading" tip 
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(Bioexpress P-3207-2). The pellet of beads on the bottom of the container was not disturbed; 
otherwise requiring recentrifugation. 

Tween20™ solution (lOOuL of 2x SSC/0.02% Tween20™, Sigma) solution was 
added to each tube. The tubes were then vortexed, and sonicated. Each suspension 
contained approximately 5,000 coupled beads per |xL. According to calculations, coupled 
beads were stored at 4°C at this point. 

EXAMPLE 11. Hybridization of labeled oligonucleotides to bead-coupled oligonucleotides. 

The following hybridizations were done in duplicate for each of the two batches of 
coupled beads obtained above. 

An oligonucleotide hybridization solution was prepared by adding 15 \iL of 5M NaCl 
and 10 (iL of 1 pmole/|iL (in DI water) hybridizing oligonucleotide to a 0.65 mL 
Microfiige™ tube followed by 65 (aL DI water to a final volume of 90 jaL. The tube was then 
vortexed and 1 8 |iL of the solution in the tube was pipetted into a PCR tube. 

Oligonucleotide coupled beads, prepared as described above, were vortexed and 
sonicated. To a Microfuge™ tube, 2 uL of oligonucleotide coupled beads (at approx. 5000 
beads per uL,) were added to the 1 8 |iL hybridization solution (final volume will be 20uL the 
PCR tube; Bioexpress 3412).The tube was then vortexed The ,! Hyb30minutes" program was 
run for the PCR tube in the thermocycler. Tween20™ solution (50 ^L, 2x SSC/0.02% 
Tween20™, Sigma) was added to each PCR tube. The tube was then vortexed and the entire 
contents were then transferred to cytometry tube containing 230 (iL of 2x SSC/0.02% 
Tween20™. The cytometry tubes were then vortexed, sonicated, and analyzed by flow 
cytometry. 

EXAMPLE 12 . Bead-Based Cytokine Assay. 

A solution of oligonucleotide coupled fluorescently labeled beads were prepared 
according to Example 10. The beads were, vortexed and sonicated for 5 minutes using a bath 
sonicator. 

Oligonucleotide-Monoclonal antibody (oligo-Mab) conjugated bead samples were 
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prepared by adding 18 (iL of Casein Blocker in a standard diluent solution of TBS in 0.15 M 
NaCl ("diluent"), 1 nL of 300 ng/|iL oligo-Mab conjugate (300 ng), andl of fluorescently 
labeled beads (approximately 10,000 beads) to a 0.65 mL tube and vortexing. The beads 
were then hybridized for 30 minutes at 45 °C using a thermal cycler. 

Appropriate concentrations of cytokine standards, in the range of 10,000 to 1 pg/mL, 
were then prepared by diluting cytokine stock into the diluent. After hybridization in the 
thermal cycler, the tubes were removed from the thermal cycler and 150 |iL of diluent was 
added to each tube. The tubes were then vortex ed and centrifuged for 10 minutes at 14,000 
rpm. After vortexing, the supernatant was carefully removed from each tube. Diluted 
cytokine standards (20 |aL) were added to appropriate tubes containing hybridized beads. The 
tubes were then vortexed until the bead pellet was resuspended. 

After incubating the tubes in a heat block set at 37 °C for one hour, 1 50 (iL of diluent 
was added to each tube. The tube was then vortexed and centrifuged for 10 minutes at 14,000 
rpm. The supernatant was carefully removed from each tube and 20 [iL of 1 .25 ng/|iL 
biotinylated secondary antibody (25 ng) was added to each tube. The tube was then vortexed 
until the bead pellet was resuspended followed by incubation in a heat block set at 37 °C for 
one hour. 

After incubation, 150 \xL of diluent was added to each tube containing secondary 
antibody. The tubes were then vortexed and centrifuged for 10 minutes at 14,000 rpm. The 
supernatant was carefully removed from each tube and 20 |iL of 25 ng/|il streptavidin-PBXL 
(500 ng) was added to each tube. The tube was then vortexed until the bead pellet was 
resuspended followed by incubation in a heat block set at 37 °C for one hour. 

After incubation, 50 |aL of diluent was added to each tube and the tube was vortexed. 
Each standard was transferred to a cytometry test tube containing 20 \xL of diluent and the 
samples were read by flow cytometry. 

Test samples were prepared according to the above procedure, substituting test 
samples for the cytokine standard solutions and read by flow cytometry. 
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